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1 I INTRODUCTION 

The primary purpose of t h i s  r epor t  is t o  determine the  e 

fec t iveness  of remote 

p l i c  . This w a s  

i ous ly  mapped geology 

d a t a  ava i lab le .  

por t ion  of t h e  Mono Craters, Mono County, Cal i f~rnia ,  primaylly 

because da ta  of a l l  t he  major wavelength regions were ava i l ab le  

when research f o r  t h i s  r epor t  began i n  September, 1966. Spec i f ic  

areas of i n t e r e s t  were f i e l d  checked and samples co l lec ted  i n  

The area se l ec t ed  f o r  study w a s  t he  northern 

April ,  August and October of 1967 i n  attempts t o  c o r r e l a t e  l o c a l  

geology with a i r c r a f t  da ta ,  using q u a n t i t a t i v e  analytrical approaches. 

I would l i k e  t o  acknowledge the  assistance provided by 

D r ,  R. J. P. Lyon, who w a s  responsible f a r  obtaining the  b a s i c  

NatiQnal Aeronautics and Space Administration remote sensing da ta  

and advising I n  i t s  i n t e r p r e t a t i o n .  Only the  multiband photo- 

graphic da t a  from the  area w a s  analyzed i n  g rea t  d e t a i l .  

and i n f r a r e d  scanner da ta  were a l s o  s tudied  bu t  n o t  i n  the  depth 

Radar 

required f 9 r  quan t i t a t ive  geologic evaluation. 

The po r t ion  of the  Mono Craters s tudied  i n  t h i s  r epor t  i s  

loca ted  i n  t h e  nor theas te rn  quadrant of t he  Mono Crqters 15- 

minute quadrangle and inclvdes the  area from t h e  south shore of 

no Lake  t o  about Crater Mountain, near t he  center of t h e  

aters. This area is  from three  t o  f i v e  miles 

t; of the  f r o n t a l  scarp  of the  S i e r r a  Nevada and is  on the  bor- 
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der  between the S i e r r a  Nevada and Basin and Range physiographic 

provinces. Topographic r e l i e f  of t he  craters above the  surround- 

ing  pumice p l a i n s  v a r i e s  from 200 f e e t  a t  North Crater, t o  2000 

f e e t  a t  Crater Mountain (Figure 1). 

o r i g i n a t e  i n  the  Sierras and flow i n t o  Mono Lake,  a highly sal ine 

body of water which has no ex te rna l  drainage. 

o r  snowfall i n  the  craters d ra in  i n t o  the  sparse ly  vegetated and 

porous areas of pumice and does no t  produce s i g n i f i c a n t  sur face  

drainage. There are a l s o  areas of spr ings  along the  shore of 

Mono Lake, some'of which are ho t  spr ings .  

A l l  major streams i n  the  area 

Water from r a i n  

The climate of t h i s  region is a r i d  to  semi-arid and sup- 

p o r t s  l i t t l e  vegetation i n  areas of rock outcrop, o the r  than 

l i chen  and a few widely sca t t e red  pine trees. 

surround these  outcrops, and may vary from e s s e n t i a l l y  unveg- 

e t a t e d  on s teep  slopes,  t o  dense growths of sagebrush i n  areas 

of gently-sloping topography. Other loca t ions  of l i t t l e  o r  no 

vegetation include deposits of beach sand and formations of 

calcareous t u f a  along the  shore of t he  lake. This combination 

of sparse  vegetation, d i s t i n c t i v e  t e r r a i n  types, and ava i l ab le  

da t a  has provided an exce l l en t  area f o r  geologic remote sensJng 

inves t iga t ions .  

Regions of pumice 
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11. GEOLOGY 

The reg iona l  geology of t he  Mono Craters area cons i s t s  of 

a basement complex of metamorphosed Paleozoic and Mesozoic sedi- 

mentary and volcanic  rocks and Mesozoic g r a n i t i c  rocks. 

was demonstrated by Kistler (1966), who a l s o  states t h a t  the  gra- 

n i t i c  rock is composed ch ie f ly  of granodior i te  and quar tz  mon- 

zoni te  and occurs i n  plutons of moderate s ize .  

covered by Te r t i a ry  and Quaternary volcanic rocks and Quaternary 

lake  sediments, moraines, pumice deposits and alluvium. 

This 

This complex is  

The geologic u n i t s  s tud ied  are a l l  of Recent age, including 

the  flows of the main crater complex. This w a s  ind ica ted  i n  work 

done by Kistler (1966) and Friedman (1966), and emphasizes the  

extremely youthful age of these un i t s .  

main crater complex has suggested t h a t  t h i s  i s  a por t ion  of a 

ring-fracture zone t h a t  formed a f t e r  the  Sherwin Glaciation and 

before the  eruption of t he  Bishop Tuff (Kistler, 1966). 

The a rcua te  form of the  

The geologic maps used i n  t h i s  repor t  are a l l  derived from 

Friedman's compilation of mapping done i n  the  area, as they pro- 

v ide  the  most d e t a i l e d  information ava i lab le  (Fig. 2 and 3) .  
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111. ANALYSIS OF VISUAL AND NEAR INFRARED FIELD SPECTRA* 

Although r e f l ec t ance  spec t r a s  are ava i l ab le  i n  the  v i s i b l e  and 

near i n f r a r e d  region from 0.4 t o  1.5 microns, t he re  is  very l i t t l e  

d a t a  of a geological na ture  which can be used f o r  f i e l d  ana lys i s .  

This s i t u a t i o n  i s  espec ia l ly  evident when analyzing the  remote sens- 

i ng  da ta  present ly  ava i l ab le  i n  the  form of multiband photography 

from Mono Craters, California.  This i s  cur ren t ly  being s tudied  i n  

an attempt t o  p e r f e c t  a method of multi-spectral  geologic mapping. 

The f i e l d  spec t r a  presented here  were obta in  a t  North Crater 

(sometimes known as Panum Cra ter ) ,  a rhyo l i t e ,  obsidian and pumice 

explosion crater approximately one-half mile i n  diameter and r i s i n g  

200 t o  300 f e e t  above a p l a i n  of moderately vegetated pumice. 

is loca ted  about a m i l e  south of Mono Lake and i s  a northern exten- 

s ion  of the  main a r c  of the Mono Craters (See Fig. 1 and 2) .  

It 

Although t h e  conditions f o r  obtaining on-site re f lec tance  

spec t r a  on April  1, 1967 were not i d e a l ,  the  methods employed were 

as cons is ten t  as poss ib le  and agree with spec t r a  co l lec ted  during 

August , 1967. 

An ISCO spectro-radiometer f i t t e d  with a f iber -opt ics ,  remote 

probe w a s  used t o  obta in  these spectra, which ranged i n  wavelength 

from 0.425 t o  1 . 5 5 ~ .  The r e f l ec t ance  a t  each wavelength w a s  cal- 

culated by taking the  r a t i o  of r e f l e c t e d  t o  t o t a l  i n t e n s i t y ,  both 

i n t e n s i t i e s  being measured over a 180 0 ( 2 s  s te rad ian)  f i e l d  of view. 

* 
From: Semi-Annual Report dated 15 May 1967, "Field Inf ra red  

Analysis of Terrain", NASA Grant NGR-05-020-115. 
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PHOTOGEOLOGIC MAP OF THE NORTHERN MONO CRATERS, CALIFORNIA 

Af te r  J. D. Friedman, 19@ 
Figure 2 
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As t h i s  is  a completely por tab le  instrument, spec t r a  of samples 

were taken i n  p lace  and the  samples co l l ec t ed  f o r  f u r t h e r  study. 

Of t h e  twenty wavelengths used,nine correspond t o  the  f i l t e r e d  

bands of t he  multiband camera. 

When these r e f l ec t ance  values (Table I) are p l o t t e d  aga ins t  

wavelength (Fig. 4 )  w e  no t i ce  t h a t  most of the  v a r i a t i o n  occurs 

i n  t h e  v i s i b l e  region from 0.425 t o  0 . 7 5 0 ~  and t h a t ,  wi th  the  

exception of black obsidian, t he  h ighes t  r e f l ec t ance  occurs i n  

the  near i n f r a red .  The two samples of gray obsidian are both 

from the  Mono Craters area, bu t  t he  one showing h ighes t  spec- 

tral  r e f l ec t ance  is  from a sample provided f o r  f i e l d  ana lys i s  

by the  University of Nevada's NASA Pro jec t .  

t ra  are similar below 0 . 5 7 5 ~  ( v i o l e t  t o  yellow l i g h t ) ,  bu t  be- 

Both of these  spec- 

come less similar a t  wavelengths g rea t e r  than t h i s .  Note par- 

t i c u l a r l y  the  higher o v e r a l l  i n t e n s i t y  of the  rough gray ob- 

s i d i a n  relative t o  the  smooth one. This may be caused by the  

rough sur face  of the  f irst  obsidian9apparently i s  more r e f l e c t a n t  

than the  smooth sur face  of the  o the r  sample. 

The spectrum of black obsidian i s  uniform and unexpectedly 

high over much of t he  v i s u a l  region with r e f l ec t ance  reaching a 

minimum i n  the inf ra red .  The smooth sur face  of t h i s  obsidian block 

he lps to  explain i t s  high re f lec tance ,  as the  sun w a s  a t  a very 

low angle and the  o u t l e t  w a s  on a s teep  s lope  fac ing  t h e  sun. 

The spectrum of red r h y o l i t e  shows very low re f l ec t ance  i n  

the s h o r t e r  wavelength v i s i b l e  region, with an expected maximum 

i n  the  0.75~ (red) region. This high re f lec tance  p e r s i s t s  i n t o  
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VISUAL AND NEAR INFRARED FIELD DATA 

FROM MONO LAKE AREA, CALIFORNIA 

gray Qray black red  

obsidian* obsidian obsidian r h y o l i t e  

Reflectance,  %; 
pumice 

s o i l  smooth smooth smooth rough 
microns 

0.425 
0.475 
0.535 
0.575 
0.625 
0.675 
0.725 
0.800 
0.850 

1.050 
1.150 

0.950 

1.250 

1.450 
1.350 

1.550 

'14.9 
14.5 
15.2 
16.7 

25.6 

25.0 
1 27.5 

27.8 
29.1 
26.3 
26.7 
25.9 
23.0 

20.3 
21.4 

25.9 

10-3 
13.0 
14.0 
14.6 
16.0 
15.8 
18.3 
17.5 
17- 5 
17.7 
16.7 
17.0 
15.9 
17 .'4 
17.0 
16.3 

11.4 
13.3 
12.9 
12.9 
12.5 
15.6 
17.0 
14.3 
16.0 
11.1 
11.8 
11.0 
11.1 
14.3 
12.7 
13.7 

5.7 
6.7 
7.6 

11.4 
15.6 
16.7 
17.7 
18.7 
18.6 
20.0 
20.0 
20.8 
20 .o 
20.6 
17.0 
17.9 

50 

40 

30 
Refl... . 
(%> 20 

10 

01  1 3 1 # 1 

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1. 1.2 1.3 1.4 1:5 1!6 

Wavelength, microns 

REFLECTANCE SPECTRA 

* Sample co l lec ted  by Univ. of Nevada NASA Projec t .  
Figure 4 
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t h e  in f r a red  and shows l i t t l e  v a r i a t i o n  except a t  very long wave- 

lengths.  I n  con t r a s t ,  t h e  pumice s o i l  spectrum shows higher values 

i n  the  v i o l e t  and lower values i n  the  red regions of the  v i s u a l ,  

with a crossover near 0.60~ .(orange). The pumice spectrum does 

not extend i n t o  the  in f r a red ,  as - t i m e  d id  not  permit i t s  

completion. 

A c h a r a c t e r i s t i c  of a l l  the longer wavelength in f r a red  spec- 

tra is  t h e i r  tendency t o  converge toward the  same ref lec tance  i n  

the  region near 1.5511 , with no crossovers occurring i n  the  e n t i r e  

near  i n f r a r e d  region. Combining t h i s  info&mation with t h a t  ob- 

ta ined  i n  the  v i s u a l  portion, w e  note t h a t  there  are a number of 

optimum wavelengths which could be used f o r  rock spec t r a  classi- 
* 

f i c a t i o n .  I n  the v i s i b l e  these  are 0.42511 ( v i o l e t ) ,  0 . 4 7 5 ~  (blue),  

and 0.72511 (red),with 0.8011 i n  the  photographic in f r a red  and 

0.90 t o  1.3511 and 1.511 i n  the  region beyond photographic detection. 

Thus,by using these bands, the non-vegetated areas near Mono Cra- 

ters could be c l a s s i f i e d  as red rhyo l i t e ,  black obsidian, gray ob- 

s i d i a n  o r  pumice. Hopefully, o the r  areas of similar l i tho logy  

and vegetation cover could be napped using present ly  ava i l ab le  

da t a  i n  the  area around Mono Lake. This assumes, of course, t h a t  

repeatable re f lec tance  spec t r a  could be obtained under 

conditions. 

o the r  f i e l d  

Clearly t h i s  would form the  foundation of any fu tu re  

research. 

* 
Optimum: Defined as those wavelengths a t  which relative 

m a x i m u m  o r  minimum re f l ec t ance  values occur. 
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I V .  MULTIBAND GEOLOGIC ANALYSIS 

A. 

This system is designed t o  gather information i n  the  v i s i b l e  

and near o r  s h o r t  wavelength in f r a red  region of the electromagnetic 

spectrum by m e a n s  of n ine  combinations of f i lms  and f i l t e r s .  The 

nine-lens camera (Fig. 5) accomplishes t h i s  by simultaneously ex- 

posing three  frames of each of t h ree  r o l l s  of f i lm  as the  a i r c r a f t  

f l i e s  over the  t e r r a i n  t o  be l'sensed". Two of these f i lms  are 

conventional panchromatic (black-and-white) f i lm, while the  t h i r d  

i s  i n f r a r e d  black-and-white f i l m  (Fig. 6). 

Unfortunately, t h e  r o l l  of i n f r a red  f i l m  f o r  t h i s  f l i g h t  

w a s  s p o i l e d  i n  the  developing process and only the s i x  v i s u a l  f i l -  

ter combinations, o r  "bands" w e r e  ab l e  t o  be studied. The 

wavelengths of v i s u a l  l i g h t  recorded by these bands correspond 

roughly t o  the  co lors  v i o l e t ,  blue,  green, yellow, orange, and 

red--in order of band-number from one t o  s i x  (Pig. 7).  Even with the  

drawback of no t  having the in f r a red  bands, i t  is s t i l l  c l ea r ly  

poss ib le  t o  obta in  meaningful da t a  from v i s u a l  f i lm  and w i l l  se rve  

as a demonstration of a general  method of multi-spectral  analysis.  

* 

Of the  approximately s i x t y  sets (each set cons is t s  of s i x  

s p e c t r a l  bands) of exposures which were taken over t h e  region 

near Mono Lake, t h ree  sets of s i x  s p e c t r a l  bands were chosen 

because they showed a d i v e r s i t y  of fea tures .  As t h i s  f l i g h t  w a s  

* 
The Mono Craters area hadonly  been flown once w i t h t h e  NASA 9-lens 

camera p r i o r  t o  January 1, 1968. 
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Itek H i m - L e n s  70-m Canera, Model 2 .  

(From NASA Anthology, 1966) 

Figure 5 
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Flight, IMC and 
f i l m  wind 

. direction 

', 
Cone J 
pin  

Shutter 
direct ion 

F i l m  Path 1 

3 +47* 

Film path 2 

/ 
F i l m  Path 3 

Frame 

a .  * Wratten" filhr. combinations 

1 Schematic view df format area nine-lens camera model' 2 

(From NASA Anthology, 1966) 
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flown a t  about 9:00 A.M. on September 30, 1965, there  yere several 

areas of shadow which a l s o  served as another p o t e n t i a l  type of 

f e a t u r e  f o r  c l a s s i f i c a t i o n .  The th ree  sets of photographs show 

adjacent areas along a north-south d is tance  of about t h ree  m i l e s ,  

wi th  the  average width of each photograph being about one mile 

and overlap amounking t o  less than 10 percent on each. 

northern-most photograph shows a por t ion  of the  south shore of 

Mono Lake, a s t r i p  of beach depos i t s ,  and an area of varying 

amounts of pumice sand and sagebrush, while the middle photo con- 

t a i n s  a small r h y o l i t e  and obsidian dome surrounded by a p l a i n  

of pumice vegetated with sagebrush and crossed by roads. The 

southern-most photo a l s o  shows an area of pumice sand covered 

The 

with sagebrush and crossed by Cal i forn ia  Highway 120. 

B Data Acquisition: 

Having se l ec t ed  the  areas t o  be s tudied ,  the  next s t e p  was  

t o  f i n d  a s a t i s f a c t o r y  method of obtaining "gray scale" o r ,  as 

these  were transparencies,  the  transmittance values from each 

of the  18 exposures. After experimenting with several densi- 

tometers, t h e  Jarrel-Ash Recording Spectrographic Densitometer 

w a s  chosen f o r  i t s  s e n s i t i v i t y ,  f i lm  pos i t ion ing  accuracy, and 

the  permanent record of transmittance values which i t  records 

on cha r t  paper. 

tance w e r e  obtained along north-south l i n e s  spaced 10 mm a p a r t  

and centered about the  middle of each exposure. The graphical 

output of t he  densitometer w a s  then d i g i t i z e d  a t  i n t e r v a l s  

equivalent t o  5 mm on the f i lm,  with t h i s  being done f o r  each 

With t h i s  instrument f i v e  p r o f i l e s  of transmit- 
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of the  f i v e  p r o f i l e s  obtained from each of t he  18 photos (Fig. 8 ) .  

There were n ine  of these d a t a  po in t s  on each of the  p r o f i l e s ,  so 

t h a t  no measurements were taken c lose r  than 10 mm from t h e  edges 

of the  positives--in the  region of abnormally high f i l m  trans- 

mittance. 

j ec t ed  dupl ica tes  and are used f o r  i l l u s t r a t i o n  purposes only. 

The o r i g i n a l  transparencies are t o  be used i n  fu r the r  experi- 

ments and were not  cu t  apa r t  f o r  i l l u s t r a t i o n  purposes. 

Having obtained f i v e  p r o f i l e s  of n ine  poin ts  each, f o r  a 

The photographs used f o r  Figures 9 and 10 are re- 

t o t a l  of 45 poin ts  per  transparency, add i t iona l  da ta  was  obtained 

from t h e  c e n t r a l  north-south p r o f i l e  over North Crater from f o r t y  

poin ts  spaced a t  1 mm i n t e r v a l s  f o r  use i n  one of the  later 

methods of ana lys i s .  The f i r s t  method of ana lys i s  required the 

use of only the  three  sets of 45 poin ts  f o r  a t o t a l  of 135 da ta  

po in t s ,  each covering a f i e l d  of view of 0 . 3  by 0.5 mm and rep- 

resent ing  s i x  f i l t e r e d  bands. 

were recorded on computer da t a  cards i n  groups of s i x  bands per 

l oca t ion  preceded by a coded descr ip t ion  of the geology and vege- 

t a t i o n  as decided by ground inspec t ion  and photographic in t e r -  

p re  t a t ion .  

C. Methods of Analysis: 

Each of these transmittance values 

There were three  primary methods of ana lys i s  used on t h i s  

data,  wi th  each method being an attempt t o  discriminate the 

various t e r r a i n ,  geology, vege ta t ion  and l i g h t i n g  types present 

i n  t h e  area covered by each of t he  photos. These three  methods 
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may be classed as inves t iga t ions  of t rend  sur faces ,  six-dimensional 

d i s tances ,  and statist ical  models. The trend sur faces  were the 

f i r s t  t o  be s tud ied  and i n  general  they were least valuable i n  

d iscr imina t ing  terrain types, perhaps because only the trend sur- 

faces  themselves were s tudied  and not  the  r e s idua l  values of the  

transmittance data.  

1. Trend Surfaces 

I n  order  t o  apply the  method of trend sur faces  t o  the  multi- 

band da ta ,  each wavelength of l i g h t  was assumed t o  have i t s  rela- 

tive r e f l ec t ance  from the  ground,proportional t o  the transmit- 

tance values obtained from the  photography. 

s a r i l y  cor rec t ,  as s o l a r  i n t e n s i t y  varies with wavelength and 

even t h i s  r e f l e c t e d  energy is approximately proportional t o  the  

f i lm  dens i ty  of the  negative,  where dens i ty  = loglo ( l / t ransmi t tance) .  

This alsoassumes t h a t  t he  t e r r a i n  being inves t iga ted  i s  of 

This is not  neces- 

uniform na ture  and does not  consider va r i a t ions  i n  slope,  sur- 

face i r r e g u l a r i t i e s ,  o r  minor vegetation changes. Variations 

from,one site t o  another may be influenced by changes i n  sun 

angle,  a i r c r a f t  a l t i t u d e ,  atmospheric transmission and cloud cover, 

as w e l l  'as va r i a t ions  i n  film condition and processing. 

Having made the  assumption t h a t  r e f l ec t ance  i s  r e l a t e d  t o  

f i lm  transmittance,  the  45 transmittance values on each of the  

th ree  sets of s i x  bands were f i t t e d  t o  a second degree t rend  sur- 

face (Harbaugh, 1964) of the  form Z = AX + BXY + CY 4- D; 

where Z is  the  value of the  transmittance i n  percent,  X and Y 

2 2 
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are t h e  coordinates of the  po in t  i n  millimeters from t h e  upper 

left-hand corner of the  photo, and A, B, C and D are the  coef- 

f i c i e n t s .  

were examined (Figures 11 and 12) ,  most geologic discrimination 

w a s  shown by band s i x ,  o r  red  l i g h t .  Even t h i s  d id  not b r ing  

out t h e  exac t  l oca t ion  of t he  crater i n  the  middle photo, bu t  

d id  de l inea te  the  shore of Mono Lake f a i r l y  w e l l .  

back of these  t rend  sur faces  is t h a t  they are not  i n  alignment 

a t  photograph boundaries, even assuming 10 percent overlap. 

When the  r e s u l t i n g  computer print-out trend contours 

* 

Another draw- 

A second method of t rend  sur face  ana lys i s  w a s  used when the  

value of each of t he  s p e c t r a l  bands a t  each geographic po in t  

w a s  compared t o  the  mean of a l l  s ix  band transmittances. The 

TRANS formula f o r  t h i s  w a s  DEV = - - 1; where DEV i s  the p o s i t i v e  MEAN 

o r  negative value of t he  transmittance of one of the  s i x  bands 

when compared to  the average of a l l  the  bands a t  t h a t  po in t ,  

TRANS is the  transmittance of the  band under study, and MEAN 

is the  mean of a l l  s i x  bands a t  the poin t  of i n t e r e s t .  An in- 

termediate program w a s  w r i t t e n  t o  make t h i s  computation and 

punch the  s i x  values of DEV on one card pe r  "spectrum". 

sur faces  of these  photographs were then contoured using the  

second-degree func t ion  i n  the  above example, with much the  same 

r e s u l t s  (Fig. 13, 14).  Once again the  red wavelengths showed 

most discrimination. 

2. Six-dimensional d i s tances  

Trend 

The second major method of ana lys i s  assumed t h a t  i f  an 

area could be divided i n t o  several general  t e r r a i n  and geology 

* 
Compare Fig. 11 wi th  Fig. 9,  and Fig 12 with Fig. 10 e tc .  



SECOND DEGREE TREND SURFACES FITTED TO 45 22 

MULTIBAND FILM TRANSMITTANCE VALUES PER PHOTO 

Figure 11 



SECOND DEGREE TRENL SURFACES FITTED TO 45 

KULTIBAMD FILM TRANSMITTANCE VALUES PER PHOTO 

rnD 5 BAW 6 

23 

Figure 12 



SECOND DEGREE TREND SURFACES FITTED TO DEVIATION 

FROM AVERAGE MULTIBAND FILM TRANSMITTANCE 

(45 VALUES PER PHOTO) 

BAND 2 

24 

Figure 13 



SE::i)r;D DEGREE TREND SURFACES F I T D  TO DEV- - 
FROM AYERAGE MULTIBAND FILM FRANSMI!LTANCE 

(45 Vf&UES P E R  PHOTO) - - 
25 

Figure 14 



26 

types, then the  mean of the  value of each of the  

within each type would provide an 

every t e r r a i n  type. 

assume t h a t  the group of values which a 

spectrum would become the  most near ly  cor rec t  t e r r a i n  type f o r  

t h i s  unknown spectrum. 

be c l a s s i f i e d  with the  severa l  possible  spectrum is  by means of an 

Having made t 

One method of comparing the  spectrum t o  

* 
extension of t h e  Pythagorean theorum i n t o  the s i x t h  dimension. 

I n  t h i s  case, each dimension i s  the  value of the transmittance 

of each band. For an example i n  the  second dimension, the dis- 

tance from an unknown spectrum with transmittance values f o r  

each of two bands B1 and B2 can be compared with a mean spectrum 

f o r  rhyo l i t e ,  R1 and R2, by computing the  dis tance D between 

2 2 the two. Here, D2 = (Bl - R l )  + (B2 - R2) with being the 

square-root of the  right-hand s i d e  of the equation. 

The dis tance thus obtained can be used with a value i n  a 

- zhird dimension, and t h i s  i n  turn  may be used to f ind  dis tances  

i n  higher dimensions. (This ca lcu la t ion  can be done very simply 

by m e a n s  of a W loop i n  FORTRAN I V ,  and the minimum dis tance 

among seve ra l  t e r r a i n  typesechosen e i t h e r  by means of an I F  

statement o r  t he  MIN function). The effect iveness  of t h i s  method 

i n  c l a s s i fy ing  ter 

’ because of t he  ex t  

not as good as exp 

v a r i a b i l i t y  of many of the  band 

* 
See page 53 of the  Appendix f o r  addi t iona l  information, 



27 
is  g rea t ,  then t h i s  may cause many of them t o  be  inco r rec t ly  

i d e n t i f i e d .  

t h e  g r e a t e s t  weakness of t h i s  system. 

could be  accounted f o r ,  s tatist ical  methods were resor ted  t o  i n  the  

l as t  method t o  b e  inves t iga ted .  

3 S t a t i s t i c a l  Models 

A l a r g e  v a r i a t i o n  of one band relative t o  another is 

I n  order  t h a t  t h i s  v a r i a b i l i t y  

The use of statist ical  methods w a s  first suggested by a 

computer program which w a s  used i n  connection with a statistics 

couse (Geology 205) given by D r .  Paul Switzer i n  the  Spring 

quar te r ,  1967, a t  Stanford. This w a s  a program f o r  Stepwise D i s -  

criminant Analysis ( B W 7 M )  and w a s  wr i t t en  by the  UCLA Health 

Science Computing F a c i l i t y .  

and standard d e d a t i o n s  f o  f i lm  transmittances f o r  each of the 

t e r r a i n  types t o  be ca lcu la ted  as they are used i n  c l a s s i f i c a t i o n .  

The r e s u l t s  of t h i s  general  program indica ted  a maximum accuracy, 

from a choice of t h ree  groups, of 80% cor rec t  i d e n t i f i c a t i o n  f o r  

The following method requi res  means 

an unknown spectrum obtained from s i x  multiband transparencies. 

To be  more s p e c i f i c  a new FORTRAM I V  program t o  produce a class- 

i f i c a t i o n  map w a s  w r i t t e n  f o r  t h i s  p ro jec t ,  

As each of t he  s i x  bands may be considered a va r i ab le  and 

each of the  three  poss ib le  t e r r a i n  types may be considered a group, 

t h e  method of mul t iva r i a t e  ana lys i s  can be used and the r e s u l t i n g  

c l a s s i f i c a t i o n  checked aga ins t  a c t u a l  conditions. F i r s t ,  a "perfect" 

spectrum f o r  each t e r r a i n  group is  decided upon--the means of each 

group--and is  ca lcu la ted  thus: 

R R  R B  18 
HR = (hl, h2 ,..., h 6 ); hi =f E bfj ; e.g. h; = &zk;d = 0.65167 

j =1 j=l % 
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15 
Hs = (h19 s s  h2,.. . ,h S ); hi = - 1 2 (bf;) ; e.g. h! = (.sj) = 0.4000 

; e.g. h i  =$E(&) = 0.54696 

6 nS 
j=1 3-1 
n 46 

Hp = (hl, P P  h2, ..., h P ); h = 6 i  
5 j=1 j =I 

R P where H , Hs, H 

shadow, or pumice; his his hi are the  means of an ind iv idua l  band 

i; n 

are each a set of 6 band means f o r  rhyo l i t e ,  

R S P  

nS, “p are the  number of spec t r a  i n  each of the  three  R’ - 
bp are the  relative re f l ec t ance  values i j ’  bij’  i j  groups; and b 

of an ind iv idua l  band i n  an indiv idua l  s p e c t r u m i .  

By using these means as the  most probable estimates w e  may 

a l s o  assume t h a t  any v a r i a t i o n  wi th in  an indiv idua l  band i s  not  

completely random, bu t  may be approximated by a Gaussian function 

of some form. This implies t h a t  t he  th ree  d i s t r i b u t i o n s  i n  a 

given band are each represented by a c h a r a c t e r i s t i c a l l y  shaped 

normal curve with i t s  peak a t  the mean of t ha t  band. 

spec t r a  may then be  compared t o  these i d e a l  spec t r a  and the  most 

probable group decided upon (Fig. 15). 

Unknown 

Comparison illustration: 

Spectrum means :  

I shadow 
I$ 

n-rf+-fi 
Figure 15 

pumice 

HP 
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This w a s  done f o r  each known group and f o r  each of the s i x  

bands i n  sequence. Next, the p robab i l i t i e s  w e r e  t o t a l l e d  and the  

group with the l a r g e s t  p robabi l i ty  w a s  assinged t o  the  unknown spectrum. 

The 

the 

the  

value of this probabi l i ty  was  computed by dividing the  sum of 

t o t a l  p robabi l i ty  of the  s i x  bands by s ix  and was pr in ted  beneath 

code name of the group i n  i t s  proper loca t ion  r e l a t i v e  to  the 

photo. 

The three  t e r r a i n  types used were areas of rhyo l i t e  obsidian 

(RHYOLT), rhyo l i t e  pumice with l i t t l e  o r  no sage (PUMICE), and areas 

of shadow f a l l i n g  on any t e r r a i n  (STUDOW). 

were about 50% correc t .us ing  these three groups, however, a fourth 

The r e s u l t s  of t h i s  method 

group w a s  added 'which consisted of areas of moderately vegetated 

pumice (PUMISG), and the  o r ig ina l  program w a s  modified t o  consider 

t h i s  group with the o thers  (Fig. 16) .  The r e s u l t s  were more 

encouraging, with f i v e  of the  s i x  unknown t e r r a i n  types i n  the  

Crater cor rec t ly  c l a s s i f i ed .  There were, however, few probabi l i ty  

values g rea t e r  than 0.80, bu t  t h i s  was acceptable. Even dark lake 

water w a s  "correctly" c l a s s i f i e d  as shadow though only having a pro- 

b a b i l i t y  of 0.425. 

Other possible  t e r r a i n  types were fncluded i n  subsequent versions 

of t h i s  new program, but  did not  show promising r e s u l t s ,  because 

those groups had standard deviat ions (1. e. broad "vague" d i s t r ibu t ion  

curves) and were always selected.  Another approach involved sub- 

s t i t u t i n g  the  values of DEV obtained from a previous program f o r  

the  values of transmittance. 

a l so  unsat isfactory,  as groups with l i t t l e  va r i a t ion  between bands were 

.confused with each other.  This w a s  t he  case with lake water, which w a s  

The r e s u l t s  of t h i s  DEV program were 
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c l a s s i f i e d  as being pumice. 

h i &  re f l ec t ance  of pumice is compared t o  the  f l a t ,  but low refleckance of 

lake  water . 

This occurs because the f l a t ,  b u t  

- 

V. CONCLUSIONS 

In  any attempt at remote sensing da ta  i n t e r p r e t a t i o n  it must be 

born i n  mind t h a t  t h e  f i n a l  c l a s s i f i c a t i o n  scheme can only be as re- 

l i a b l e  as the  b a s i c  da t a  i t s e l f .  Any fu tu re  experiments must be de- 

signed so  t h a t  as many va r i ab le s  as poss ib le  can be evaluated. These 

va r i ab le s  include f i e l d  re f lec tance  data,  major and minor topographic 

f ea tu res ,  s o i l  and vegetation d i s t r i b u t i o n ,  atmospheric a t tenuat ion ,  

aircraft a l t i t u d e ,  camera f i l m  and f i l t e r  s p e c t r a l  responses, s o l a r  

i l lumina t ion  changes with sun angle, and as many o ther  parameters as 

poss ib le  which might influence da ta  obtained during the a i r c r a f t  

ove r f l i gh t  . 
Assuming a l l  these conditions t o  be constant f o r  a given t i m e  and 

area, then q u a n t i t a t i v e  multiband da ta  

cording densitometers, with fu tu re  da ta  reduction by means of flying- 

spo t  densitometers being the next l og ica l  s tep .  Secondly, computerized 

ana lys i s  of da t a  provides a rap id  means of t e s t i n g  and per fec t ing  

methods of c l a s s i f i c a t i o n  and discrimination of t e r r a i n  types, pa r t i c -  

u l a r l y  o v e r a l l  geology, from multiband regions under study. It appears 

t h a t  of the  three  methods of ana lys i s  inves t iga ted ,  t h a t  statistical 

mul t ivar ia te  ana lys i s  holds the  most promise of being an i d e a l  so lu t ion  

f o r  pa t t e rn  recognition purposes, e spec ia l ly  i f  attempts t o  c l a s s i f y  

o the r  areas of similar geology by multiband photography are attempted. 

be obtained by use of re- 
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APPENDIX 

PROGRAM DESCRIPTIONS* 

Data Cards: 

Each da ta  card used i n  the  following programs contained a coded 

descr ip t ion  of t he  t e r r a i n  '-in the  area sampled, t he  s i x  ' t ransmittance 

values f o r  each of the  "spectra", and r o l l ,  frame and photograph 

coordinate numbers. The following examples i l l u s t r a t e  t h i s  format. 

Card column 

1-6 

7-12 

13-18 

19-24 

25-30 

31- 36 

37-60 

61-72 

73-76 

7 7- 80 

Description 

Geologic formation 

Rock type and percent 

Vegetation percent 

Secondary veg. percent 

Water type and percent 

Miscellaneous t e r r a i n  

Transmittance values f o r  
s i x  v i s u a l  bands (6F4.2) 

Reserved f o r  I R  da ta  

Exposure number 

X- and Y-coordinates 

Example 

QR = Quaternary r h y o l i t e  

REIN70 = 70% r h y o l i t e  

SAGE25 = 25% sagebrush 

LICH05 = 5% l ichen  

LAKE99 = e n t i r e l y  lake  

RDDT90 = 90% d i r t  road 

Format 6F4.2 

Format 3F4.2 

0615 

X = 30, Y = 30 

These da t a  cards were then arranged i n t o  f i v e  groups each having 

the  same X-value and increas ing  Y-values and a t i t l e  card placed before 

each group of 45 spec t ra .  This t i t l e  card allows a maximum of 72 

charac te rs  and includes the  photograph number and a b r i e f  descr ip t ion  

of t he  photo area. This is i l l u s t r a t e d  by the  following l i s t i n g  from 

three  d i g i t i z e d  photos and one photo p ro f i l e .  

* 
Written f o r  Stanford System IBM 7090 Computer. 
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0615  
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
Q P  
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
4LK 
QLK 
Q P  
QP 
QP 
Q P  
QP 
QP 
QP 

SOUTH SHORE OF M O N O  LAKE 
PUM150SAGE50 
PUMISOSAGE50 
PUMISOSAQE50 
PUMI3OSAGESO 
PUM150SAGE50 
PUMI50SAGE50 
PUMISOSAGE50 
PUMI5OSAGE50 
PUMI3OSAGE50 
BfCHY9SAGEOl 
PUMItOSAGE30 
PUMIIOSAGEJO 
PUMI7OSAGE30 
PUM 170SAGE30 
PUMIfOSAGE30 
PUMI (OSAGE30 
PUMIlOSAGEJO 
PUM170SAGE30 
HECHYOSAGEO 1 
PUMI3OSAGE50 
PUMISOSAGESO 
PUMI3OSAGESO 
PUMI2OSAGE50 
PUMI2OSAGE50 
PUMI50SAGE50 
PUMI3OSAGE50 
PUMI>OSAGE50 
BECHYYSAGEO1 
BECHY9SAGEOl 
PUMITOSAGE30 
PUMIfOSAGE30 
P U M I f  OSAGE30 
PUM170SAGE30 
PUMI7OSAGE30 
PUMIfOSAGE60 
PUM I ? 0 SAGE 30 

LAKE99 
LAKE99 

BECHY9SAGEOl 
OLCHOSSAGEY5 
PUMIIOSAGE30 
PUMIbOSAGESO 
PUMISOSAGESO 
PUMI5OSAGESO 
PUMISOSAGE50 

65 6 5  80 l o o  6 5  110 
5 5  6 5  5 5  80 6 5  8 5  
60  60  45 75  6 0  110 
65  45 75  7 5  6 0  110 
70 5 5  5 5  8 0  5 0  105 
70  50 55 8 5  6 0  90 
80 55 80 50  6 0  7 5  
80 75  60 6 5  70 110 
7 5  75  70 8 5  80 100 
5 5  6 5  60 90 60  6 5  
45 40  30  80 45 70  
5 0  45 45 70 50  8 5  
50  35 40 6 5  45 80 
5 5  35 40 6 0  40 05  
50 45 40 60  35 60 
60 40 40 50 35 5 5  
50  40 35 45 30 60 
50  5 0  45 65  50 70 
45 55 45 65 50 60 
30 35 25 50 35 50 
40 40 40 55  45 70 
40 35 35 55 35 75  
50 40 40 7 0  45 90 
50  35 50 70  40  70 
50  45 40 85 35 80 
50 5 0  40 60  40 6 5  
25 30 10 20 20 25 
60 95 65 100 80  100 
35  SO 35 70 60  70 
60  60 30 7 0  50  70  
45 40 35 70 45 120 
50 35 35 70 90 60 
55 35 40 60 50  90 
60 40 45 40 40 85 
40  30 25 35 25  55 
70 9 5  70 120 90  110 
30 30 05  07  27  07  
30 25 45 05  25  05 
70 70 75 150 90  130 
55 45 25 80 45 75 
90 70  65 130 60  140 
70 50 75  70 55  75 
85 55 55 70 60  80 
90 75  50 60 60 110 
90 85  85 115 80 110 

0615 1 1 
0615  1 2 
0615 1 3 
0615 1 4 
0615  1 5 
0615 1 6 
0615  1 7 
0615  1 8 
0615  1 9 
0615 2 1 
0615 2 2 
0615  2 3 
0615 2 4 
0615  2 5 
0615 2 6 
0615 2 7 
0615 2 8 
0615  2 9 
0615 3 1 
0615 3 2 
0615 3 3 
0615 3 4 
0615 3 5 
0615 3 6 
0615 3 7 
0615 3 8 
0615 3 9 
0615 4 1 
0615 4 2 
0615 4 3 
0615 4 4 
0615 4 5 
0615 4 6 
0615 4 7 
0615 4 8 
0615 4 9 
0615 5 1 
0615 5 2 
0615 5 3 
0615 5 4 
0615 5 5 
0615 5 6 
0615 5 7 
0615 5 8 
0615 5 9 
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0616  NORTH CHATER 
Q P  - 
Q P  
Q P  
OP 
Q P  
OP 
OP 
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
O R  
Q f ?  
Of? 
Q R  
QP 
Q P  
Q P  
QP 
Q P  
Q P  
QH 
Q R  
QP 
Q P  
Q P  
Q P  
Q P  
QP 
Q P  
Q P  
Q P  
Q P  
Qt i  
QR 
QP 
Q P  

PUM 1 5 0 S A G E 5 0  

PUMI5OSAQESO 
PUMISOSAGESO 
P U M I S O S A G E 5 0  
PUMISOSAGESO 
PUMISOSAGESO 
PUMLSOSAGESO 
PUMISOSAGESO 
P U M I 3 O S A G E 5 0  
PUMJSOSAGE50 
PUMI3OSAGESO 
P U M I 3 0 S A G E S O  
PUMISOSAGESO 

P U M I 5 O S A G E 5 0  
P U M I 5 0 S A G E S O  
P U M I b O S A G E 5 0  
P U M I Y O S A G E l O  
R H Y O Y Y L I C H O l  

R H Y O Y Y L I C H O l  
R H Y U Y 9 L l C H O l  
P u M I Y O S A G E ~ O  
P U M I I O S A G E 3 0  
P U M I f O S A G E 3 0  
P U M l  I OSAGE 30 
P U M I  TOSAGE30 
P U M I Y O S A G E ~ O  
R H Y O y 9 L I C H O l  
R H Y U Y 9 L I C H O I  

P U M I  f OSAGE30 
P U M I T O S A G E 3 0  
P U M I f O S A G E 3 0  
P U M I  ? O S A G E 3 0  
PUMI5OSAGESO 

PUMI5OSAGESO 

P u M I ~ O S A G E ~ O  
RHYOY9SAGEOl  
RHYOY9SAGEOl  
PUMISOSAGESO 
P u M I ~ O S A G E S O  

H H Y O Y Y L I C H O ~  

PUN IYOSAGE 10 

P u M I ~ O S A G E S O  

P u hi I 5 0 S AGE 5 0 

8 5  70  75 80 5 0  60  
RDDT99 70  95  110 140 70  110 

6 0  70  55  110 75  90 
6 0  65  50 9 5  6 0  90 
60  60  55  80 55  90 
70 55  60  85  55  105 
9 0  6 0  50  80  6 0  95 
05 65 55  100 60 80 
85  6 0  60 e0 65  9 0  
60  50 60 6 0  55  50 
40 40 100 110 45 50 
25 20 15 20 25 20 
30 20 17 30 30 30 
40 40 35 60  50 60  

ADCT99 50 35 35 70  45 80 
55  35 40 60  45 60 
55 40 40 5 0  45 45 
75 60  65 70  6 0  100 
60 70 120 100 90 90  
60 8s 190 175 110 170 
50 60  90  205 120 150 
40 40  35 95 60  120 
5 0  80 30 120 60 240 
50  40 70 65 6 0  80 
50 30 35 45 35 55 
50 40 45 50  4Q 50 
5 5  40 40 45 40 70 
65  70 100 70  8 0  60  
25 25 20 20 25 10 
50  55  100 110 105 150 
75 120 155 310 220 530 
15 10 00  00  0 5  05 
45 4 0  50 7 0  SO 70 
30 20 05 15 25 25 
40 30 20 35 30 3 0  
55  40 35 35 40 5 0  
70 70 90 100 95 80 
60  7 5  85 100 95 95 
65  85 85 150 120 125 
45 40 35 60  55  60  
80  70 95 140 105 180 

100 60 75 140 7 0  195 
100  7 0  105 110 85 125 
140 100 120 190 85 245 

90  60 95 50 200 160 

0616  1 1 
0616 1 2 
0616 1 3 
0616  1 4 
0616 1 5 
0616 1 6 
0616 1 7 
0626  1 8 
0616 1 9 
0616 2 1 
0614 2 2 
0616 2 3 
0616 2 4 
0616 2 5 
0616 2 6 
0616 2 7 
0616 2 0 
0616 2 9 
0616 3 1 
0616 3 2 
0616 3 3 
0616 3 4 
0616 3 5 
0616 3 6 
0616 3 7 
0616 3 8 
0616 3 9 
0616 4 1 
0616 4 2 
0616 4 3 
0616 4 4 
0616 4 5 
0616 4 6 
0616 4 7 
0616 4 8 
0666 4 9 
0616 5 1 
0616 5 2 
0616 5 3 
0616 5 4 
0616 5 5 
0616 5 6 
0616 5 7 
0616 5 8 
0616 5 9 
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0617  AREA SOUTH OF NORTH C R A T E R  
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
QP 
Q P  
QP 
QP 
QP 
Q P  
QP 
Q P  
Q P  
Q P  
Q P  
QP 
Q P  
QP 
QP 
Q P  
QP 
QP 
Q P  
QP 
QP 
Q P  

QP 
Q P  
QP 

PUMI5OSAGE50 

PUMISOSAGESO 
PUMI3OSAGE50 
PUMI5OSAGE50 
PUMI5OSAGE50 
PUMI5OSAGE50 
PuMI~OSAGESO 

PUMI50SAGESO 
PUMI5OSAGE50 
PUMI5OSAGE50 
PUMIbOSAGESO 
PUMI5OSAGE50 
PU M I  50SAGE50 
PUMITOSAGE50 
PUM I50SAGESO 
PUMIbOSAGE50 
PUMI5OSAGE50 
PUMI50SAGESO 
PUMI5OSAGE50 
PUMI3OSAGE50 
PuMI~OSAGE~O 

PUMIfOSAGE30 
PUMI 70SAGE30 
PUMI70SAGEJO 
PUMI(OSAGE30 
PUMISUSAGESO 

PUM 130SAGE70 
PUMI3OSAGETO 
PUMIdOSAGE70 
PUMIJOSAGE70 
PUMIjOSAGETO 
PUHIjOSAGE70 
PUM15OSAGESO 
PUMI50SAGESO 
PUM150SAGE50 
PUMIbOSAGESO 
PUMI3OSAGESO 

PUMI5OSAGE5Q 
PUMI5USAGE50 
PUMI3OSAGESO 

110 185 90  150  70  110 
R D O T  70  130 105  110  60  80 

5 5  80 60 120 80 110 
6 5  6 5  70  150 70  170 
70  70 70 9 0  70  100 
90  60  100 20 110 175 
80 80 90 120 7 5  140 

RODT99 140  150 190 280 170 250 

6 0  60 70 145 5 0  9 5  
60 60 70 160 70  80 
50 50 55 130 70 110 
55  60 50  130 6 5  170 
60  40 45 130 45 100 
6 0  50  40  130 35 115 
65  50 45 130 50 90 
6 5  45 50 100 45  90 

50 50 40  95 40 7 0  
50 50 55  110  55  110 
50 50 35 115 5 5  120 
55  40 50  90 45 125 

ROSH99 60 50 70 100 5 5  125 

70 70  60 135 55  125 
70 5 0  50 120 5 5  100 

50  50 60 80 50  70 
R D C t 9 9  6 0  100 135 110 160 355 

60 70 70  125 115 125 
40 35 30 70 70 100 
50 45 40 80 50 115 
70  45 60  8 0  40 150 
50  80 110 80  80 140 
60 60 5 5  160 90 2 2 5  
75 75  55 100 75  125 
6 5  60 60  70 60  95  
50 5 5  50 75 70 95  
75  70 70 140 110 190 
70  60 70 155 9 5  240 

RQDT99 100 105 235 195 140 345 
90  65 70 105 75  170 

7 0  80 5 5  120 7 s  110 

50 5 5  50 110 45 80 

5 5  45 50  80 40 70 

6 5  40 35 60 40 a5 

40 40 40 65  40 a 0  

95 70 60 115 5s 185 
l o a  65 55 110 45 135 

0617 1 1 
0617 1 2 
0617 1 3 
0617 1 4 
0617 1 5 
0617 1 6 
0617 1 7 
0617  1 8 
0617  1 9 
0617 2 1 
0617 2 2 
0617 2 3 
0617 2 4 
0617 2 5 
0617 2 6 
0617 2 7 
0617 2 8 
0617 2 9 
0617 3 1 
0617 3 2 
0617 3 3 
0617 3 4 
0617 3 5 
0617 3 6 
0617 3 7 
0617 3 6 
0617 3 9 
0617 4 1 
0617 4 2 
0617 4 3 
0617 4 4 
0617 4 5 
0617 4 6 
0617 4 7 

0617 4 9 
0617 5 1 
0617 5 2 
0617 5 3 
0617 5 4 
0617 5 5 
0617 5 6 
0617 5 7 
0617 5 8 

0617 4 a 

0617 5 9 



Q P  
QP 
QR 
QH 
QH 
Q R  
QH 
Q U  
O R  
Q R  
OH 
QH 
Q R  
QH 
Q R  
Q R  
OH 
QH 
Q R  
Q U  
Q R  
Q H  
Q P  
Q P  
Q P  
QP 
QP 
QP 
Q P  
QP 
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  
Q P  

P U M I  
P U M I  
R H Y O  
R H Y  0 
R H Y O  
A H Y O  
R H Y O  
R H Y O  
R H Y O  
R H Y O  
R H Y  0 
R H Y O  
R H Y O  
R H Y O  
R H Y O  
R H Y O  
R H Y U  
flHY 0 
R H Y O  
R H Y O  
R H Y O  
R H Y O  
P U M I  
P U M I  
PUM I 
P U M I  
PUM I 
P U M I  
P U M I  
P U M I  
P U M I  
P U M I  
P U M I  
P U M I  
P U M I  
P U M I  
P U M I  

S A G E  
S A G E  

S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  
S A G E  

R O A D D T  
R O A O D T  
QP P U M I  S A G E  
Q P  P U M I  S A G E  

62 65 95 105 88 90 
55 57 75 95 61 67 
27 18 10 08 10 00 
30 19 O B  15 15 05 
55 58 70 40 05 
68 83 187 180 1 80 
42 40 5a 95 55 140 
65 102 210 300 172 402 
65 78 265 210 120 290 
78 85 345 325 224 570 
55 60 135 165 158 157 
35 30 80 55 61 40 
60 66 121 150 107 211 
60 57 102 175 90 125 
55 42 65 175 100 210 
45 38 40 100 63 140 
35 23 07 35 30 55 
65 60 145 205 183 502 
25 20 06 22 25 22 
37 21 07 22 22 30 
57 77 42 127 60 240 
25 10 20 20 23 17 
so 48 4a 95 46 73 
40 21 37 60 35 47 
35 16 25 40 25 40 
65 45 67 a7 60 8i 
T O  50 60 107 60 88 
57 34 57 75 50 87 
60 30 30 60 40 48 
55 28 35 45 35 72 
55 31 33 45 35 50 
55 32 32 50 36 42 
53 36 45 60 41 63 
54 36 41 55 38 50 

57 40 43 5 5  40 50 

P O D T  87 A6 95 85 80 105 

60 43 56 65 43 64 
60 40 40 5 0  40 70 

55 38 45 55 4Q 50 

57 35 48 55 48 62 

GODT 75 60 43 57 50 9 0  

06 163016 
06 1630 17 
061630 18 
06163019 
06163020 
06 163021 
06 163022 
06 163023 
06 16 3024 
06 163025 
0616.3026 
06163027 
06 16 3028 
06163029 
06 163030 
06163031 
06 163032 
06163033 
06 1630 34 
06 163035 
06163036 
06 16 30 37 
06 163038 
06163039 
06163040 
0616304 1 
06163042 
06 163043 
06 16 3044 
06 163045 
06 163046 
061 63047 
06 16 3048 
06 16 3049 
06 163050 
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Conversion of Data t o  "Map" Form 

I n  order f o r  some of the following trend surface programs t o  

work i n  a less complex manner, the  o r ig ina l  da ta  w a s  "rearranged" 

and punched on cards. 

gram, which inputs  the t i t l e  card and profile-type da ta  on 45 cards 

and outputs s i x  sets of band transmittances and the appropriate 

t i t l e  card. 

ind iv idua l  wavelengths and arranges them from Band 1 t o  Band 6. 

Also the  format f o r  each card changes from 36X, 6F4.2 to 5F10.2; o r  

from a spectrum to  a l i n e  of f i v e  equal Y-values. 

This w a s  accomplished by the  following pro- 

I n  essence, t h i s  provides s i x  sets of numbers f o r  the  

This da ta  rearrangement program is  shown i n  the following list- 

ing,  along with a l i s t i n g  of the output. 
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$JOB SO60 IBJUR 2 800 HALLEW G A R Y  2 3 3  BANRPASS MAPS 
SI8JOB 
SIBFTC M A I N  NODECK 
C ACTUAL BAND-PASS MAPS 

RIMENSIUN T I T L E C ~ Z ) P  B ( 5 r 9 r 6 )  
9 9  WRITf (6r98)  
9 8  FORMATClHlrlH 1 

1 FORMAT C12A6) 
READC5rl) ( T I T L E C K ) ~ K ~ l r l 2 )  

R E A D ( 5 r 3 ) ( ( ( 8 ( L r J r I ) r  I = l r 6 ) r  J f l r 9 ) ~ L ~ l r S I  

DO 100 I a l r d  
WRITLC6rlO) ( T I T L t C K ) r K ~ l r l 2 ) r I  

1 0  FORMAfClHPrl2A6r 4Hf3ANOrI3/ 3 
00 100 S ' l r 9  
W H I T t ( 6 r 4 ) C R ( L r J r l ) r L n l r S )  

3 F 0 R H A f ( 3 6 X ~ 6 F 4 . 2 )  

4 F O R M A T ( ~ H P I ~ F ~ O , ~ /  1 
100 CONTLNUE 

G O  TU 99  
RETUKN 
END 

3 3 2  PRECEDES R 5 O O O  AND I B J O R  D A T A  C A R D S  



0615 SHORE QF MONO LAKE 
0.45 

0.80 
0.60 O r 5 0  0.50 
0.75 0.50 0.25 

0 a65 0.65 0 a55 
0165 0.40 0.35 
0.60 0.45 0.40 
0.45 0.35 0.35 

0150 0.45 0.35 
0 a55 0 e40 0.45 
0.75 0140 0.50 
0.75 0 1 5 0  Oe30 

0615 SOUTH SHORE OF MONO LAKE 

0 . 5 5  0 1 3 5  0.40 

0615 SOUTH SHORE OF MONO LAKE 
0.80 0 .ti0 0.45 
0.55 0.30 0.25 
0 r 4 5  0 a45 0 a 4 0  
0 .75 0.40 0 1 3 5  
0.55 0.40 0.40  
0.55 Om40 0 . 5 0  
0.80 0.40 0.40 
0.60 0.35 0140 
0.70 0145 0.10 

0615 SOUTH SHORE OF MONO LAKE 
1 .oo 0190 0.65 
0 a 8 0  0 .BO 0 . 5 0  
0.75 0.70 0155 
0.75 0.65 0 e55 
0.80 0.60 0.70  
0.85 Om60 0.70 
0150 0 a50 0.85 
0.65 0.45 0.60 
0185 0.65 0120 

0.155 0160 0 *so 
0.65 0.45 0.35 
0 060 0 e50 0 a45 
0 . 6 0  0.45 0.35 

0615 SOUTH SHORE OF M O N O  LAKE 

0140 
0.70 

0.85 
0.50 
0.60 
0.40 

0135 
0.35 

0.40 
0.30 
0 . 9 5  

0.65 
0.35 
0.30 
0.35 
0.35  
0.40 
0.45 
0.25 
0.70  

1 100 
Om70 
0.70 
0.70 
0.70 
0.60 
0.40 
0.35 
1 a 2 0  

0.80 
0.60 
0 .50 
0.45 

0.50  
C I a 5 0  

0.40 
0 a 2 5  
0.90 

1 a00 
0.70 
C ,70 
i a 2 0  
0.80 
0 e 9 0  
0.85 
0.55 
1 110 

BAkO 2 
0130 
0.25 
0.70 
0145 
0.70 
0.50 
0 a55 
0.75 
0e85 

BAN0 3 
0.05 
0.45 
0.75 
0.25 
0.65 
0.74 
0 e55 
0.50 
0.85 

0107 
0 a 0 5  
1 150 

1 1 30 
0 .70  
0.70 
0.60 
1115 

o .a0 

0 a 2 7  
0.25 
0 a90 
0.45 
0.60 
0.55 
0.60 

1110 

BAY0 4 

0 A N O  5 

BAN0 6 



0616  NORTH CRATER 
0 a85 0.60 
0.70 0.40 
0160 

0 . 9 0  0.55 
0.85 0.55 
0.85 0.75 

. 0.70 0.50 
0 e 9 5  0.40 
0.70 0.20 
0.65 0.20 
0.60 0.40 
0 . 5 5  0.35 
0.60 0.35 
0.65 0 a40 
0.60 0.60 

0.75 0.60 
1.10 1 r o o  
0.55 0.15 
0.50 0.17 
0 e55 0.35 
0.60 0.35  
0 e50 0.40 
0.55 0 e40 
0.60 0465 

0.80 0 r 6 0  
1 a40 1.10 
1.10 0.20 
0 . 9 5  0.30 
0.80 0 e60 
o.as 0.70 
0.80 0 e 6 0  
1 do0 0 . 5 0  
0.80 0.70 

0.50 0.55 
0.70 0 e45 
0.75 0.25 
0.60 0.30 
0.55 0 e50 
0 e55 0.45 

0.45 

0616  NORTH CHATER 

0616 N O R T H  C R A T E R  

0616 NORTH ChATER 

0616 N O R T h  CHATLR 

0616 C H A T  

0.60 

0.60 
0.60 
0.50 
0.40 
0.50 
0.50 
0.50 
0 e50 
0.55 

0.70 
0.85 
0.60 
0.40 
0.80 
0.40 
0.30 

0.40 
0.40 

1 a20 
1.90 
0 r 9 0  
0.35 
0.30 
0.70 
0.35 
0.45 
0.40 

1.00 
1.75 
2.05 
0.95 
1420 
0.65 
0.45 
0 a 5 0  
0.45 

0 . 9 0  
1.10 
1 r 2 0  
0.60 
0.60 
0.60 
0.35 
0.40 
0.40 

0 . 9 0  

1.20 

0.70 

0.40 
0 a 5 5  

0.70 
O e 2 5  
0 .55 
1 a 2 0  
0.10 
0.40 
0.20 
0.30 
0.40 

1 e o 0  
o e 2 0  
1 eo0 
1 a 5 5  
e. 
(7.50 
0.05 
0.20 
0.35 

0.70 
0.20 
1.10 
3 .  10 
0 .  
0 .70  
0.15 

0 .35  

0.80 
0.25 
1 a 0 5  
2.20 
0 a 0 5  
0.50 
0.25 
0 
0 

0 e00 

I .  
5.30 

0 .35  

04 

0.90 

0170 
0.75 
0.85 
0.40 
0.70 
0.60 
0.70 
1.00 
0.60 

i3ANO 2 

0190  
0.85 
0.85 
0.35 
0.95 
0.75 
1 a 0 5  
1 e20 
0 .95  

1 e o 0  
1 eo0 
1 a 5 0  
0.60 
1 a40 
1.40 
1.10 
1 e90 
0.50 

0 . 9 5  
0 e 9 5  
1 a 2 0  
0.55 
1 . O S  
0170 
0185 
0. 
2. 

0 .BO 
0 a95  
1.25 
0 e 6 0  
1. 
1. 
1. 
2. 
1.60 

B A & O  3 

B A N D  4 

BANR 5 

I3ANO 6 
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0617  A R E A  SOUTH OF NORTH C R A T E R  
1.10 0.50 0.55 
0.70 0.60 
0 a70 0 a60 
0.55 0 

0 
0 

0.90 0 
0.80 0.65 0.70 
1 e40 0.65 0.70 

1 a 8 5  0 a55 0 a45 
0.80 0.60 0.50 
0.80 0.60 0.50 
0.80 0.50 0.50 
0 a65 0.60 0.40 
0 0 7 0  0.40 0.50 
0.60 0 a50 0.40 
0.80 0.50 0.70 
1 a 5 0  0.45 0.50 

0617 AHEA SOUTH O f  NORTH C R A T E R  

0617 A R E A  SOUTH OF NORTH C R A T E R  
0190 0.50 0.50 
1 a05 0.70 0.40 
0.55 0.70 0.55 
0.60 0.55 0.35 
0.70 0 150 0 230 

1 .oo 0 a40 0.35 
0.90 0.45 0.60 
1 a90 0.50 0.50 

1 a50 1.10 0.80 
1.10 1 a45 0 .95 
1 e20 1 e 6 0  1.10 
1 a20 1 a30 1.15 
1.50 1.30 0.90 
0 e 9 0  1.30 1 .oo 
0.20 1.30 0.80 
1.20 1 a30 1.35 
2.80 1 a00 1 .20 

0 a70  0.45 0.40 
0.60 0.50 0.40 
0.75 0170 0.55 
0.80 0.70 0 a55 
0.70 0 . 6 5  0.45 
0.70 0.45 0.55 
1.10 0 0.40 

0 0.55 
0 0.55 

0070 0145 0.70 

0617 AREA SOUTH OF NORTH C H A T E R  

Ob17 A H E A  SOUTH OF NORTH C R A T E R  

0617 S O U f H  O R T H  C R A T E R  
1.10 0 .so 0.70 
0.80 0 a95 70 
1.10 0 . 8 0  1 0  
1.10 1.10 1.20 

1. 
1. 
0. 

2.50 0 . 9 0  1 .oo 

0.60 1 roo 
0 a40 0.75 
0 a50 0.60 
1 a00  0.55 
0.70 0170 
0.35 0.60 
0.45 1r05 
0.45 0165 
0.80 0.70 
0.60 0.65 

B A N D  2 

B A N D  3 
0.40 
0 . 6 0  
1.35 
0.70 
0.30 
0.40 
0.60 
1.10 
0.55 

0.65 
0.80 
1.10 
1 a25 
0.70 
0.80 
0 e 8 0  
0.80 
1 a60 

0.40  
0.50 
1 a60 
1.15 
0.70 
0 , S O  
0.40 
0.80 
0.90 

0.55 
0.60 
0.50 
0170 
0 a70 
2.35 
0 e70 
0.60 
0.55 

1 r o o  
0.70 
0.75 
1.40 
1 a55 
1 a 9 5  
1 a 0 5  
1.15 
1.10 

0.75 
0160 
0.70 
1.10 
0 a95 
1 a40 
0175 
0.5 
0.4 

1 a 2 5  
0.95 
0.95 
1 a90 
2.40 

1.35 

B A N D  4 

B A N D  5 

8 A N O  6 



Second-Degree Trend Surface 44 

This program provides a method of obtaining a trend sur face  of 

each of the  co lors  o r  bands used i n  t h i s  ana lys i s .  

by means of a trend sur face  contour p l o t t i n g  program which has been 

sp l i ced  i n t o  another program which solves f o r  the  coe f f i c i en t s  of t he  

second-order equation. The input  f o r  t h i s  cons i s t s  of t he  s i x  sets of 

the  45 values of transmittance obtained from each photo and the  corres- 

ponding t i t l e  cards. The format of each card i s  the 5F10.2 format 

previously described. I n  addi t ion ,  the f i r s t  da t a  card must contain 

the  parameters of the  p l o t t e d  t r end  sur face  dimensions. 

This is accomplished 

These output parameters include the  hor izonta l  dimension HORZ, 

vertical dimension VERT, both i n  terms of l i n e s  and spaces; t he  l e f t ,  

r i g h t ,  top, and bottom dimensions XL, XR, YT, and YB, respec t ive ly ;  

the  reference contour REF; and t h e  contour i n t e r v a l  CON. The output 

cons i s t s  of a p a t t e r n  of a l t e r n a t i n g  blanks and numbers from zero t o  

one f o r  p o s i t i v e  numbers, and a l t e r n a t i n g  minus s igns  and numbers f o r  

negative numbers. For b e s t  r e s u l t s ,  the  contour i n t e r v a l  should be 

ha l f  t h a t  of the  expected contour i n t e r v a l  i f  whole numbers are used. 

2 2 The equation used is Z = AX + BXY + CY + D, where Z i s  the  

transmittance of the  trend sur face  a t  coordinates X and Y i n  m i l l i -  

meters from the  upper left-hand corner of t he  photograph, and A, B ,  

C and D are the  coe f f i c i en t s  which are determined by the  SOLVEX sub- 

rou t ine  of the  program. This subroutine e s s e n t i a l l y  solves the  4 by 

4 matrix generated by the  least-squared method employed here. 

sub-routine may be obtained from the  computation center ' s  l i b r a r y  of 

programs under the  name SOLVE, program number one, which can so lve  

up t o  20 by 20 matrices. 

This 
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3 YYa(HEF'WCJ))/CON 
I Y S Y Y  
1 8 r M U D ( L Y r 2 0 )  
C V ( J ) *  M I N U ( I R + l )  

2 CONTlNUE 
W R I Tk ( 6r  95 1 ( C V  K 1 r K n  1 r I H OR2 1 

1 CONTlMUE 
95 F O R M A T ( I M T P ~ ~ ~ A I )  I 

GO TU 200 
102 RETURN 

END 
t I R F T C  SOLVEX 

CSOLVE L I M A N  EQUATION SOLVER W I T H  I T E R A T I V E  IMPRQvEMENT 

C SOLVlES AXaB WHERE A IS NXN MATRIX AND B I S  N X 1  VECTOR 
C I N =  
C 1 FQH F I R S T  ENTHY 
C 2 FUR SUBSEQUENT ENTRIES WITH NEW B 

C E p S  A N D  ITMAX ARE PARAMETERS I N  THE I T E R A T I O N  
C I T =  
C '1 1F A IS SINGULAR \ 

C 0 I F  NOT CONVERGENT 
C NUMBER OF I T E H A T I O N S  I F  CONVERGENT 
C CALLS MAP SUBROUTIMES I L O G ~ ~ D O T I S D O T  AND DAD 
C 
C TO MUOIFY D IMENSIUNSr  CHANGE THE NEXT 3 (NOT 2 RUT 3 )  

SUBRUUTINE S O L V E ( N N I A , B P I N , E P S ~ I T M A X , X I T ~ )  

a 10 RESTORE A AND E 

DIMENSION A (  4p 4),13( 4),X( 4 ) r f i A (  4 r  4 ) , 0 X (  4 ) # R (  41, 

M A =  4 

EQu I V ALLNCE < R c O X  1 
GO TU (lO(lOr2000r 3000)r I f u  

* Z <  4)+RM< 4 ) r I R P (  4) 

C M A  MUST = DECLARED DIMENSION OF SYSTEM 

i a o o  N=NN 
NM 1 = N - 1  
N P l = N + l  

C 
C E Q U I L I A H A T I O N  
C 

DO 510 lS1,N 
K T O P ~ I L O G 2 < A ( I r l ) )  
U U  5 0 3  J=2pN 

H M ( I ) S ~ . O * * ( - K T U P )  
5 0 3  K T O P = ~ A X O ( K T O P r I L O G 2 ( A ( I r J ) ) )  

U U  509 J P l r N  
509  A C I r J ) = A < I r J ) * H M ( I )  
5 1 0  CONTiNUL 

C 
C SAVE E Q U I L I B R A T E D  D A T A  
C 

DO 548 I = l r N  
DO 548 J a l r N  

5 4 8  A A < I r J ) = A < I r J )  
C 

S L V 4 0 0 0  

VERSION I U  S L V 4 0 0 1  
S L V 4 0 0 2 f  
S L V 4 0 0 3 '  
SLV40041 
SLV 4 0 0 5 t  
S L V 4 0 0 6 (  
S L V 4 0 0 1 (  
SL v 4 008. 
S L V 4 0 0 9  
S L V 4 0 1 0 ~  
S L V 4 0 1 1  
SLV40  1 2  
S L V 4 0 1 3  
S L V 4 0 1 4  

CAROSI S L V 4 0 1 5  
S L V 4 0 1 6  
S L V 4 0 1 7  
S L V 4 0 1 8  
S L V 4 0 1 9  
SLV40201 
S L V 4 0 2 l r  
S L V 4 0 2 2 t  
S L V 4 0 2 3 l  
S L V 4 0 2 4 i  
S L V 4 0 2 5 i  
S L V 4 0 2 6 t  
SLV40271  
s ~ v 4 0 2 a t  
S L V 4 0 2 9 (  
SLV40301 
S L V 4 0 3 l f  
S L V 4 0 3 2 i  
SLU4033 t  
S L V 4 0 3 4 l  
SLV4035r  
S L V 4 0 3 6 (  
S L V 4 0 3 7 1  
S L V 4 0 3 8 f  
SLV40  39( 
SLV404OI  
S L V 4 0 4  l( 
S L V 4 0 4 2 t  
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c GAUSSIAN E L I M I N A T I O N  U I P H  P A R T I A L  P I V O T I N G  
C 

DO 99 M = l # N M l  
TOPSABS ( A ( M # M ) )  
l M A X a M  
ua 12 ISM 

I F ( T  B S  <ACIrM)))10,12r12 
10 TOPmABS C A ( I , M ) )  

I H A X m I  
CON1 I N U E  
i F ( T O P ) l 4 * 1 3 ~ 1 4  

* 5 I MGUL AH* 
HETUHN 

12 . 

1 3  l T o - 1  
C 

1 4  IHP<M)= IMAX 
23 l f ( I M A X 4 ) 2 9 r 2 9 ~ 2 4  
2 4  UO 25 J a l r N  

TEMPnA(M8J l  
A ( M P J ) = A ( I M A X P J )  
ACIMAX+J)=TEMP 

25 2 9  M P l = M + l  
00 3 3  1 a M P l r N  

EM=ACIIM)/A~MPM) 
A ( I P M  )+EM 
I F ( E M ) 3 1 ~ 3 3 ~ 3 1  

A ( 11 J ) = A (  IP J ) - A (  M B  J 1 +EM 
3 1  DO 32 JSMPIPN 
3 2  
3 3  CUNTINUE 
9 9  CONTlNUE 

I R P (  N)=N 
I F  ( A ( N ~ N ) ) 1 2 0 # 1 1 3 ~ 1 2 0  

RETUHN 
1 1 3  1T=-l 

1 2 0  CONTINUE 
C STORAGE FOR A NOW CONTAINS TRIANGULAR L AN0 U SO THAT 
c 

C 
C DUPLICATE INTERCHANGES ~ f u  D A T A  

D O  2 2 9  I ' l r N  
1Plr;IRPC I 3  
1 F ( l " f P ) 2 2 1 ~ 2 2 9 ~ 2 2 1  

2 2 1  U O  2 2 2  J=l,N 
T E M P n A A ( I n J 1  
A A ( I P J ) = A A < I P P J >  

2 2 2  A A ( I P t J ) m T E M P  
2 2 9  CONTINUE 

C 
C PROCtSS H IGHT HAND S I D E  
C 

2000 CONTINUE; 

6 0 1  

IEMP=BCI )  

SLV4057r  

S L V 4 0 5 9 (  
S L V 4 0 6 0 (  
SLV 4 0 6 1  f 
SLV40621  
s ~ V 4 0 6 3 1  
s L V 4 0 6 4 1  
S ~ V 4 0 6 5 1  
SLV40661 
SLV4O67-  
S L V 4 0 6 8 1  
s t V 4 0 6 9 i  
SLV40701 
SLV40711 
SLV40721 
SLV40731 
SLV40741  
S L V 4 0 7 5 (  
S L V 4 0 7 6 (  

<L+I )*U=A s ~ V 4 0 7 7 t  
SLV 4 0 7 ~  
S L V 4 0 7 9 (  
SLV408Ot  
S L V 4 0 8 1 (  
S L V 4 0 8 2 (  
S L V 4 0 8 3 (  
S L V 4 0 8 4 (  
S L V 4 0 8 5 (  
s ~ V 4 0 8 4 (  
SLU 4 0 8 7 t  
S L V 4 0 8 8 (  
SL V 4 0  8 9  ( 
SL 
SL  
SL 
SL  
SLV4094C 
SLV4095C 
SLV4096C 
SLV4097C 

s ~ v 4 0 5 a t  

\ 
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SL v 4 l o 5  
SLV41061 
SLV4107. 
SLV4108t 
SLV 4 109, 
SLV4110~ 
SLV411 I t  
SLV4112C 
SLV4113t 
SLV4114C 
SLV4llSC 
SLV4126( 
SLV4117( 
SLV4118( 
SLV4119{ 
SLV4 120( 
SLV4121( 
SLV4122f 
SLV4123( 
SLV4124f 
SLV4 125c 
SLV4126t 
SLV41274 
SLV4128l 
SLV4 129c 
SLV4130t 
SLV4 13 1 ( 
SLV4132( 
SLV4 13 3( 
SLV4134t 
SLV413!3( 
SLV4136( 
SLV4137( 
SLV4138C 
SLV4139( 
SLV4140( 
SLV4141( 
SCV4142( 
SLV4143( 
SLV4144( 
SLV4145C 
SLV4 146C 
SLV 4 14  7c 
SLV4148C 
SLV4149C 
SLV415OC 
SLV4151C 
SLV4 152c 
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ENTHV 
ENTHY 
ENTHY 
ENTHY 

SNAD M A C H i l  
* 

SUB 
ALS 
STD 
ENOM 

DOT SAVL 
* 

S T Z  
STZ 
CLA* 
LOU 
STO 
CLA* 
TZE 
STU 
CLA 
PAC 
CLA* 
SNAU 
CLA 
PAC 
C L A *  
SNAO 
LXA 

LOOP LDQ 
FMP 
DFAu 
OST 

PA T X I  
MB 1x1 

T I X  
N O h E  OFAU 

F R N  

702 A A C I P # J ) r T E M P  
709 CONTlNUf 

DO 129 I S l r N  
~ ( I ) * B [ I ) / R M ( I )  
0 0  729 J * l r N  
A C I r J ) P A A ( I r J ) / H M ( X )  

729 CONTINUE 
RETUHN 
END 

SIBMAP DOT 6 4  
* DOT ANO FHIENDS RUUTINES FOR USE WITH SOLVE 

DOT C N r A ( 1 ) r M A r B C l ) r M B r C )  DOUBLE INNER PRODUCT 
S O O T  ( N r A ( l ) ~ M A r 8 < 1  )rMB,C) INNER PRODUCT 
ILOG2 ( A )  FLOATING P O I N T  EXPONENT 
DAD (Art31 ADD WITH ROUND 

M STORE NEGATIVE OF ADDRESS I N  DECREMENT 
= 0 1 0 0 0 0 0  COMPLEMENT I F  P O S I T I V E  
18 
M 
SNAO 

1 r 2 r 4  
S 
s+ 1 
8 r 4  
C + l  
C 
3 r  4 
NONE 
N 

? l  
5 r  4 
M A  
6 r 4  
,2 
7, 4 
MU 
N r 4  
O r  1 
Or2 
S 
S 
* + l r l r * *  
* + l r  2, ** 
LOOP P 4 r  1 
C 

4 *  4 

XETUHN DOT 

SDO7 SAVk 1 ~ 2 ~ 4  
STZ s 
C L A *  STU c 

a i 4  

C 

BASE PODRESS OF A 
Xl=mCBASE OF A )  
M 4  

BASE ADDRESS OF B 
X2=-(BASE UF 8 )  
M8 

( X l ) = ( X l ) + M A  
CX2)= (X2)+NR 
END OF M A I N  LOOP 

S L V 4 1 5 3  

S L V 4 1 5 9  
SLV 4 160 
S L V 4 1 6 1  
DOT4000 
DOT400 1 
DOT4002  
DOT4003,  
DOT40041 
DOT4OOS(  
DOT4006(  
D O T 4 0 0 7 t  
DOT4008C 
DOT4009(  
DOT401OI  
D O T 4 O l l t  
D t l T 4 0 1 2 t  
DOT401  3 (  
DOT4014 l  
DOTYOIS( 
DOT4016(  
DOT40 1 7 (  
DOT40184 
DOT4019(  
DOT4020(  
DOT402 1 ( 
DOT 4 0 2 2 (  
00T4023C 
DOT4024(  
00T4025C 
DOT4025C 
DOT4027C 
DOT4028C 
DOT4029E 
DOT4030C 
DOT40 3 1  C 
DOT4032C 
OOT4033C 
DOT4034C 
DOT4035C 
DOf403t iC 
DOT4037C 
DOT40380  
O O T  4 0  390 

DOT40410  
DOT40420  

DOT40440  
DOT40450  

D O T ~ O Y O O  

0 0 ~ 4 0 4 3 0  
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C L A *  
TZE 
ST0 
C L A  
P4C 
CLA* 
SNAU 
CLA 
PAC 
C L A *  
S N A O  
LXA 

SLOOP LDO 
FMP 
FAR 
S T O  

SMA T X  I 
SMB 1x1 

T I X  
SNONE FAR 

* 
ILOG2 

* 
DAD 

* 
c 

S 

N 

RE TURN 

CAL* 
ANA 
sui3 
A R S  
T R A  

CLA* 
FAD* 
F R N  
T R A  

EVEN 
P Z €  
PZE. 
PZE 
PZE 
PZE 
E N D  

3r 4 
S N Q N E  
N 
4 @ 4  
D 1  
SI 4 
SMA 
6r  4 
r 2  
I r  4 
SM0 
N r 4  
Or 1 
o r 2  
S 
S 
; * i r i r * *  

SLOOPA i 
* * 1 ? 2 @ * *  

C 
S D O T .  

3 r 4  

+0200000000000 
27 
l r 4  

3 r  4 
4r4  

30 377000000000 

i r 4  

DOT40551 
DOT40561 
DOT4057f 
DOT40584 
DOT4059i 
DOT4060C 
DOT406tC 
DOT4062C 
DOT4063C 
DOT4064C 
DOT4065C 
DOT4066C 
DOT4067( 
00T4068( 
DOT40691 
DUT4070i  
007407 I (  
DOT40721 
D O T 4 0 7  3( 
00T4074( 
DOT40751 
DDT4076[ 
DOT4077( 
DOT4078C 
DOT40796 
a o i 4 0 8 0 c  
~ C I T ~ O ~ I C  
DOT4082C 
DOT4083C 
DOT40840 
DOT4085C 



Six-Dimensional C las s i f i ca t ion  of Spectra 52 

This program e s s e n t i a l l y  computes the  d is tance  from an unknown 

spectrum of s i x  bands t o  the  means of th ree  general  terrain types-- 

a l l  t h i s  i n  t h e o r e t i c a l l y  s i x  dimensions of transmittance. 

which i s  c l o s e s t  t o  t he  unknown spectrum is then assumed t o  be the  

most l i k e l y  choice and is p r in t ed  i n  the  proper location. 

tance is known as the  Mahalanobis o r  M-distance and is an extension of 

the  Pythagorean theorem. 

mensions is computed and t h i s  d i s tance  used t o  compute the  f h i r d  

dimension, and higher dimensions i n  sequence up t o  six. 

The group 

This dis- 

I n  t h i s  program the  d is tance  i n  two di- 

The means of t h e  bands f o r  each group are input  using a DATA 

statement, as are the  names of these groups. The spec t r a  cards are 

used i n  the  format f i r s t  presented f o r  the remaining input,  while 

t h e  output cons i s t s  of t he  s i x - l e t t e r  code name of the  group se lec ted  

f o r  each spectrum and i ts  d is tance  i n  percent transmittance t o  the  

unknown spectrum. I f  t he  amount of v a r i a t i o n  i n  the  spec t r a  being 

c l a s s i f i e d  is  g rea t ,  then t h i s  may cause many of them t o  be incor rec t ly  

iden t i f i ed .  

t he  g r e a t e s t  weakness of t h i s  system. 

A l a rge  v a r i a t i o n  of one band relative t o  another is  
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Sum of P r o b a b i l i t i e s  Method of C las s i f i ca t ion  

I n  order  t o  account f o r  t he  v a r i a t i o n  between deviations within 

s i x  bands, a s ta t is t ical  method of mul t iva r i a t e  ana lys i s  appears 

t o  give the  b e s t  r e s u l t s .  

t h a t  an unknown spectrum may belong t o  a group is  computed f o r  each 

band by assuming t h a t  t h i s  is  a function of a normal e r r o r  curve. 

The pos i t i on  and shape of t h i s  curve is  determined by the  mean and 

standard deviation of the  i d e a l  groups i n  each of the  s i x  bands, and 

the  p r o b a b i l i t i e s  are summed f o r  each of the  major groups being con- 

sidered. For t h i s  purpose the  e r r o r  function ERF i s  ca l l ed  from the  

l i b r a r y  of mathematical functions and su i t ab ly  modified. 

By using t h i s  program, the  p robab i l i t y  

The input  f o r  t he  program cons i s t s  of da t a  cards of 45 spec t r a  

arranged as f i r s t  described i n  t h i s  writeup. 

of most probable spec t r a  and t h e i r  p r o b a b i l i t i e s  of being cor rec t .  

A s i x - l e t t e r  code word is p r in t ed  along with the  p robab i l i t y  of its 

being the  group se l ec t ed  as most l i k e l y ,  as the  code words are in- 

put with the  means and standard deviations by use of DATA statements. 

The output is a map 

Groups with extremely l a rge  standard deviations o r  an exceptionally 

l a rge  number of i d e a l  spec t r a  should be avoided, as the groups with 

the  l a r g e s t  deviations w i l l  be chosen a disproportionate percent 

of the  t i m e .  
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END 
332  PRECEDES 85000 AND lSJ08 DATA CARDS 


